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Amendments To Specification Paragraphs 

Replace paragraph [0016] with the following amended version. This will remove mentions of 
plural devices added earlier in Amendment B that were to correspond with the proposed, but 
refused, drawing changes: 

[0016] FIG. 1 shows how varying the widths of face-to-face grooves, and alignment with a 

sliding, even slightly rotatable, fiber key, can facilitate the tuning of coupling efficiency in 
, 4- r ™t fiW-o ptic apparatus efficiencies in an a rr ay of 1 port fiber optic app a ra tu s 
made with side-polished fibers. Th e aiia y \u i J iown n lin t idi ng m ul tip le 2 port fiho r o p tic 
apparatuses. 

Replace paragraph [0025] with the following amended version. This will a) place a period 
immediately after "FIG" and before "IB" in the first line and b) remove those mentions of plural 
devices added earlier in Amendment B that were to correspond with the proposed, but refused, 
drawing changes and add back in those that were in the first version as originally filed. 

[0025] Reference is now made to FIG 1, which consists of two parts, FIG. 1 A and_____B.HG 
m FIG i shows m ul t iple 1 port and 2 p o rt, fiber optic appa iat u^ a r ranged i n nn n r r n y , 
w l i utii i mul tip l e 1 po rt fibe r upt i e a pparatu s mi l b e tuned by tru ncat ion and/or ro tntion 
untr a i ned by an a lig n m ent ke y ing fiho r T hin t h e art presented and claimed in the 
copending U.S. patent application titled "Structures and Methods for Aligning Fibers", by 
Tullis, now issued as US Pat. No. 6,516,131 , f oi alig n ing a . uiu j i 1 p o rt np p nrntin i s 
e x p and e d for aligning alia ) , uf 1 port np p nrntu. e s. FIG. 1 shows how varying the widths 
of face-to-face grooves tu eieate tapered ch annel., as well as alignment wjtha by-sliding 
with^-fiber key (called an alignment fiber) in o ne o f thoao ch annel., can facilitate the 
tuning of coupling efficiency h^en two fibers within a 4-port apparatuswithin multiple 
4-port apparatuses. TJmEaeh 4-port apparatus can be any of the group including couplers, 
add-drop multiplexers, taps, splitters, joiners, filters, modulators and switches. The tuning 
is accomplished by adjusting the interaction length between two evanescently coupled 
fibers. Althon oh only a sir, ^ a- r™t annaratus is shown one can easily envision multiple 
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4-port apparatuses constructed side-bv-side within the same two substrates. And 
additional alignment grooves and their alignment fibers may also be included. 

Replace paragraph [0026] with the following amended version. This will remove earlier changes 
that were made to correspond with proposed, but refused, changes to FIG. 1 A and FIG. IB. This 
new version is identical to the first version as originally filed with the exceptions that a) a hyphen 
has been added between fiber and optic in two places and b) the phrase "which serves as an 
alignment fiber" has been inserted at the end of the seventh sentence in keeping with usage found 
in the ninth sentence and the incorporated patent, US Pat. No. 6,516,131. 

[0026] FIG. 1 A shows a tunable 4-port fiber-op t ic apparatus 1. such as a tou^er^ofadd-drop 



multi plexer Ahis 4-port apparatus 1 is co m prised of two half-couplers 2 and 3 comprised 



A 




in turn of respective side-polished fibers 4 and 5 installed within respectiv e varying-width 
V-grooves 6 and 7 etched into 100 crystal surfaces 8 and 9 respectively (shown face-to- 
face) of respective substrates 1 0 and 1 1 . T he two substrates can be slid over one another in 
the direction parallel to the lo n g axes (not s h own) of the two side-polished areas 12 and 13. 
The two side-polished areas 12 and 13 are shown at a p osi t i o n where they overlap one 
another. The s ide- polished areas 12 and 13 o f the fibers 4 and 5 have an elliptical shape 
with long axes parallel to the groove axes (not sh own ) . The arrows 14 and 15 indicate the 
direction of motion desired. The apparatus 1 is additionally comprised of a third fiber 16 
which serves as an alignment fiber Fiber 16 is in a bi-directionallv tapered channel 17 
constructed of two additional va rvin g-width V-grooves 18 and 19 e tched into the surfaces 
8 and 9. parallel to grooves 6 and 7 but offse t from them. Fiber 1 6 serves as anjdjgnment 
kev within this channel 17. but allows for t h e motion described with which to tune the 
c^ pli^g ratio and efficiency of the 4-port as sembly Bv eliminating any linear portion to 
the channel 17 the two half-c ou plers 2 and 3 mav be allowed some rotation which is easy 
to control with the substrates being of a si g nificant scale larger than the side-polished 
areas, but remain well aligned in the dire c tion of offset iust described. Yet another 
advantage of the hi-directionallv tapered cha nnels 17 and that formed by grooves 6 and 7, 
is that the fibers 16. 4 and 5 will experience less chance to be bent and stra ined entering or 
leaving the channel 17 than were it of cons tant cross-section. The taper at the ends of these 
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^nnria ™n he accentuated to hel p achieve additional avoidant of strain on the fibers 16, 
a a nH S from otherwise h™ ? hent about « shar p edge. It is important in high-bandwidth 
fiW-nptic ap plication * such as in modern data- and telecommunications networks, to 
avoid straining fibers This is ber.ai.se strain indu ces birefri n g ence in the fiber and this 

polarization mnHe-dis persion that can result in hi P h bit-error-rates. FI G . 1 A s how s a 
t unable array of 1 port fiber optic apparatuo 1 interspersed with 2 port fiber optic 
ap p aratuses. Tho 1 port fiber optic ap p aratuses may nut be all alike; for example one m n y 
be a coupler, while another might be an add drop mul ti plexer, the ?, port fiber optic 
a pp a iatu jcs 5A and 5 C may not be all a li k e, f or example o ne may be a polari ze r, w hile 
. 4) an ot her might bo m i a tt enuator. The o iia y of 1 port np p ui at uscs 1 in comprised of two 
[' aii aya of half cou p lers 2 and 3. Ea c h of these two au a ys of half couplers 2 and 3 is 

^ com prised of s ide p o l i shed fibers in st all e d within rcsp eeti ^c varying wi dt h V grooves, fo r 

e x amp le etched into 100 c rystal surfaces. A first array of hal f m upl c ra 2 i s sho w n 
compl ied of a substr at e 10 having a sur f a c e 8 containing y ai v i ng wi dt h g roo v e * \ 
and G T J . A second array o f half coupl er 3 is shown com pi ling a subotrntc 11 having a 
. u if a u, 9 cont aining v a ryi n g w i dth grooves 7, 7A, 7D, and 7C. Tho tw o aubstratc o 10 a nd 
1 1 oi c placed with t h ei r re s pective surf a ce 8 and f> fa c e t o fa ee w ill i t he flroo v o s o f ono 
align ed at l eas t approx imate! ) with groov e s of t h e other. Tho tw o mb rt rato p c an b o slid 
u v ci o ne another in t ho di re ction parallel tu the long axes (m m , n ot J iown) o f t ho sid e 
pu lLh c J areas 12, 13, HP, and 13D. The tw u oido polished mmu 12 and 13 a r e sho w n n t 
a p ot i on where they ov cilap one another, a - , a te t he two s ide p o l i c e d a r eas 12P a nd 1 IB 
Hi t JJ t pu luhcd are a s 1 \ 12D, 13, 13 A, 1 3 P, i ii d 13C each have an e ll i p ti cal s hape w ith 
l u ng axes parallel t u t he groove axes (n u t diown). The m w m 1 1 and 15 i ndirnt o t h e 
diica i o n u f motion des i r e d. Hie side polis hed ai ea J of the fib ers SA and 5C don't h a ve 
matchi ng areas of anot hu fib e r to overl ap , lumber notice t ha t t h e j jd t pol i s hed n r on of 
fib u 5 A has a region of .p ace above i t uuitc d by the groov e OA tha t li e, abo v e it, who r oni 
t he udo poli s hed area uf fiber 5C doe s n't have a groove ab o ve it and thu s face s the s urfa c e 
8 u f substrate 10. Th e ^pacc above th e fiber 5 A and its jade polished ar e a 13 A, that io the 
i p qc e withi n th e gn r r , i HA tyht" ™* " f™ « li a uid - a fllli(l ™ ntainin g ono or 

m m c b ubbl e s, or a sol id fill e r material. Th e a pparatus 1 i b ad dit i u nally com prisod of a 
tltii d fib u 1 C which s er v e, a* an alignm ent fib e r. Tiber 1 6 is in abi dhec tion a lly t npo r od 
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channel 17 constructed of two additional varying width V grooves 1 8 and 19 otchod i n t o 
t h e m if a c ca 8 and 9, parallel to grooves 6 , 7, CD, and 7B but ufl k l fi o m them. Fi be r 1 6 
<m v u , as an alignment key within this channel 17, but allows for the motion described with 
which to tuno the coupling ratio and efficiency of the 1 port assembly. By eliminating any 
linear portion to the channel 17, the two half couplers 2 and 3 may bo allowed so m e 
lutat ion which is ea s y to control with the substrate s being of a significant scale larger than 
t he side polished areas, but remain well aligned in the d i rection of offset just de s cribed. 
One skilled in the art will immediately appreciate that a sliding action along on alignment 
fib e r, or along po s sibly multiple and parallel alignment fibers, can tuno an array of 1 port 
side polished fiber optic apparatuses. And one s killed in the art will also immediately 
appreciate that a relative rotation of the two substrates, constrained by one or more 
b alignment fiber s in their respective and parallel bi dii ect ionally tapered channels, will 

affect H i e tunc of a 1 port fiber optic appa i J tus more, the m uic distant it i s from a center of 
lul a t i o n. This is useful, for example, to optically compens ate fu r a gradient in side w nl l 
Ui i d m u* o ften ousting nnu jj an array of op t i c al fibers. Yet an o th e r advant a ge o f t h e b i 
diicct i u nally tapered chan nels 17 and tho se for med by groov e s 6 and 7, 6A and 7 A, 6B and 
7D, and by 7C alone i s that the fibers 16 alone, 1 and 5, 5A alone, 1B and 5B, and 5C 
al o ne will experience less chance to be bent and strained ent e r ing or leaving t h eir 
i c s pcotivo channels than were the channels of const an t cross section. The taper at the en di 
of t h e^e c hannels can be a ccent uated to help a ch i e ve additional av o idan c e of str ain on t he 
fib er s 1 6 , 1 and 5 from otherwise being bent about a s harp edge. It i s important in high 
ban d width fiber optic a p plications, such as in modern da t a and t clccommu nicntion«i 
n et w ui U to avoid stra ini ng fibers. This is b ec ause strain indu ce; , b iref ringence i n t he fib er 
a nd t h is causes polarization mode di s persion that can result in high bit error rates. 



Replace paragraph [0027] with the following amended version. This will remove earlier changes 
that were made to correspond with proposed, but refused, changes to FIG. 1 A and FIG. IB, but 
will retain some improvements to readability. — ___ 



[0027] FIG. IB shows an end-view of the apparatus illustrated in FIG. 1 A with all similar parts 
identified by the same numbers, except the view is as though the fibers 16, 4, and 54 ^ 



c 
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5, 5 A, 5D, 5C, and 16 were terminated at the midpoints of the channels. In addition, the 
cores , such as 20 and 21 to fibers 4 and 5 respectively, are depicted as shaded disks or 
spots. Note how in this view, the interface between the two side-polished areas 12 and 13 
jj (and between tho two aide polished arcao 12D and 13B) is a region of mutual contact. And 
note for example, how the side-polish on the fibers 4 and 5 has allowed the cores 20 and 21 
to lie closer to one another to cause better evanescent coupling of light waves between the 



two cores 20 and 21. 



Replace paragraph [0045] with the following amended version. This restores the paragraph to the 
first version as originally filed, and thus will remove changes that were made to correspond with 
proposed, but refused, changes to FIG. 3. 



[0045] Tn FIG 3. a substrate 70 is shown in a plan view 71 . a side-view 77, and an end-view 73. 
Two arcuate grooves 74 and 75 are sh o wn and three straight grooves 76,77, and 78 are 
«Wn in an alterr-atinp seq uence w ithin surface 81. All the grooves 75 through 78 are 
parallel to one another Preferabl y the widths and depths of the stra i ght, grooves 76, 77, 
V anH 78 are equal or larper than t b« ™Hths of the arcuate grooves 74 and 75 where the 

' arcuate grooves 74 «nH 75 reach the a* * ™ and 80 of the substrate 70 The surface area 

left nn-etched 81 hetween these grooves should be minimized in order to facilitate the 
psrtinp of Urates (31 anH S8 in FTG 2D nlaced with these fa ces (31 and 52 in FIG. 21; 
si on the substrate iihi^ in FTG 3 ) touching one another The substrate 70 illustrated 

he ahle to accen t two fibers one i n each arcuate g roove A linear array of more 
— arcuate groove* ran he etched in to a common substrate with one or more extra 
r ™„ Pg (illustrated as strai g ht prooves in FIG. 3) interleaved between them, but only two 
.„„„t» r noves and three extra proves are illustrated in FTG 3 for drawing simplicity. As 
«i Hissed above, the f ir pn^ of the extra grooves is at least two-fold. One such 
pur pose is to act a* a harrier against spreading of perm anent bonding material when 
f. w a tinp a freestanding cn ^~ Another such purpose is to provide air access channels 
partin g two such s u rfar.es that have been nut face-to-face apainst one another.I n-HGr 
3, d Mil lio n 70 io s h own in a plan view 71, a Jdc view 7?, mid an u id wcw 73 A fimt 
giuup uf bio ovcp ic s hn wn including two dicuuU. gr oove s 71 n n d 7 5 a n d three co nstant 
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width groove s 76,77, and 78, in an alternating sequonco within surface 81, wherein all the 
grooves 75 through 7 8 arc parallel to one another. A oooond gr o up of additional grooves 
8 1, 85, and 86 i s o hown perpendicular to the first group. Preferably, the widths and d e pth s 
of the straight groove s 76, 77, and 7 8 ore equal to or larger than the width s of the arcuate 
grooves 71 and 75 where the arcuate grooves 71 and 75 roach the ends 79 and 80 of the 
substrate 70. The surface area left un etched 81 between these grooves should be 
m i nimized in order to facilitate the parting of substrates (3 1 and 58 in FIG. 21) placed with 
these faces (31 and 52 in FIG. 21; 8 1 on the substrate illustrated in FIG. 3) touching one 
•) another. The substrate 70 illu s trated would bo able to accept two optical s ide poli s hed 

,^ fibers, one in each arcuate groove. A linear array of more numerous arcuate groove s can be 
etched into a common substrate, with one or more extra parallel grooves (illustrated as 
co n stant width and constant depth grooves in FIG. 3) interleaved between them, but only 
two qreuate grooves and throe extra parallel grooves arc illustr ate d in FIG. 3 for dr a wi n g 
simplicity. Aa was discussed above, the purpose of the extra parallel groove s is at least 
t wo fold. One such purpose i s to act a s a barrier against s preading of permanent bonding 
material when fabricating a freestanding coupler. Mother such purpose is to provide a i r 
a cc e s s channel s when parting two such surfaces that have been put face to face against one 
another. Also as discus s ed above, the purpo s e of the second group of additional and 
perpendicular grooves 81, 95, and 86 is to provide channel s for access of air (or other 
flu id), for UV light to cure UV adhesive, and for parting tools, but lliey too can bo used t o 
li mi t flow of adhe s ive and reduce the area of bonding between two face to face s ubstra t e s. 



If 



Replace paragraphs [0002], [0003], [0010], [0013], [0042], [0043], and [0059] with the following 
amended versions, respectively. In Amendment B, applicants had respectfully requested 
Examiner to substitute a hyphen for the blank between the two words in "fiber optic" in the 
following locations, in only one instance per paragraph, but had not been aware that inter-lineation 
is no longer proper: 

Paragraph [0002] at the second and third lines and before the word "apparatuses"; 
Paragraph [0003] on the fourth line and before the word "apparatuses"; 
Paragraph [00 1 0] on the fourth line and before the word "apparatuses"; 
Paragraph [001 3] on fourth line and before the word "technology"; 
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Paragraph [0042] on the fourteenth line and before the word "apparatus"; 
Paragraph [0043] on the third line and before the word "apparatuses"; 
Paragraph [0059] on the second line and before the word "couplers". 

[0002] This invention generally pertains to methods for adding process integration to the 

manufacture of fiber-optic ffee^egtie apparatuses implemented with side-polished fiber 
optics. This invention also pertains to integrated apparatuses made from these methods of 
manufacture. Note that the word "apparatus" as used in this disclosure does not mean 
bare, un-altered, fiber-optic fiber, but rather one or more fiber-optic fibers with at least one 
of the fibers structurally altered from its original, generally circular or elliptical, cross- 
sectional shape (e.g. by side-polishing) and/or made to interact optically with another fiber 
over a finite length of fiber. 

[0003] There is no prior art method or apparatus published, or on the market, for folly utilizing 
the advantages of integrated processes with silicon to manufacture side-polished fibet 
opticfiber-eptie apparatuses and systems, other than the photomasking of multiple features 
such as grooves, or the deposition of coatings. What is known in the prior art deals with 
individually placing fibers in grooves, one-at-a-time. Once placed they may all be 
polished in one step. This prior art is limited to the manufacture of side-polished fibers to 
implement two-port photonic functions. This known art is taught in the U.S. patents 
5,781,675 "Method for preparing fiber-optic polarizer" and 5,809,188 "Tunable optical 
filter or reflector", both by Tseng. In those patents, Tseng teaches the use of a set of 
parallel and variable-depth V-grooves etched in a common silicon crystal substrate to 
simultaneously achieve both a) precise control of remaining side-wall thickness left on 
each fiber held within each of the V-grooves, b) arcuate paths for the fibers which enable 
the side-polished regions to be of a controlled length, and c) simultaneous deposition of 
one or more films on the set of side-polished regions. Not taught in the above patents are 
multi-function apparatuses or methods for manufacturing multiple apparatuses on a 
common fiber without fuse splicing or physical connectors. Also not disclosed are a) 
methods or apparatuses for fabricating multiple units simultaneously, other than the 
substrates themselves or 2-port polarizers or filters; b) methods or apparatuses wherein 
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some multiples of individual apparatuses are formed with at least one fiber in common; or 
c) any methods or apparatuses for fiber-to-fiber alignment when coupling side-polished 
areas to one another between fibers in respectively different substrates. 

[0010] The current invention goes beyond one-at-a-time fabrication and introduces process 
integration methods by which to greatly reduce the cost of manufacturing side-polished 
fiber-opticfi bef-eptie apparatuses. Furthermore, the current invention makes possible the 
integration of compact arrays of side-polished apparatuses that can be used to implement 
high levels of function integration. And not all of the multiple apparatuses manufactured 
on a common substrate need be of the same type. 

[0013] These and other objects of the invention are provided by a novel use of combining 

integrated manufacturing methods used in the semiconductor electronics field with silicon- 
based side-polished fiber-ooticfi ber-egtie technology. Whole silicon wafers (or wafers of 
other suitable cubic crystal materials such as Ga- As or Lithium Niobate) are patterned and 
etched to construct V-grooves at many sites simultaneously in a single masking and 
etching process level. Then rows of these sites are diced and separated leaving multiple 
sites within each row or silicon strip. Then parallel fibers are installed and bonded into the 
V-grooves within a strip, and the side-polishing step is performed on all the fibers within a 
row or strip in a single polishing operation. Following the polishing step, additional steps 
can be performed on the side-polished areas to create a range of 2-port apparatuses from 
the group including an optical pass-through, an attenuator, a polarizer, a filter, a modulator, 
and a switch. These strips of 2-port apparatuses can then be diced into separate smaller 
strips, individual fiber units, or left intact as complete arrays, These 2-port strips or 
individual units can be combined in pairs to form strips or individual units of 4-port 
apparatuses. And the strips of 2 or 4-port apparatuses can be stacked into 2-dimensional 
arrays. Within a strip or stack of strips, the individual 2-port and/or 4-port apparatuses can 
be connected in series and/or parallel to create compact optical circuits. 

[0042] The last portion of the process is depicted by FIG. 21. FIG. 21 shows the substrates 31 

and 58 parted, leaving a freestanding, bonded 4-port coupler 59. What is not shown is that 
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prior to parting the two substrates 3 1 and 58, the replacement bonding material holding the 
end portions of the fibers 42 and 54 into place in their respective substrates 31 and 58 is 
first loosened by a solvent or by heating. As a freestanding 4-port coupler 59, its two 
fibers 42 and 54 are now affixed together but free of the substrates 31 and 58. Note that 
the substrates 31 and 58 may now be reused to make yet another such apparatus. This 
potential reuse of the silicon substrates can significantly lower the cost of producing 4-port 
piers. This separation of a fiber-opticfi ber-eptie apparatus from a substrate also 
thermal expansion mismatch issues as mentioned in the above referenced US 
patent 4,475,790 by Little, titled "Fiber optic coupler". 



COU] 

removes 



[0043] It should be noted that although the above process is described with respect to the 

formation of a 4-port coupler, other 4-port (or 3-port) fiber-opticfiber^ptie apparatuses can 
be formed with additional steps to make any of the group including couplers, add-drop 
multiplexers, taps, splitters, joiners, filters, modulators or switches. For example, the core 
of the fibers used, in the region of side-polish, can be fiber Bragg gratings, as known in the 
art. Or one or more films can be deposited on one or more side-polished areas, wherein 
such one or more films could contain Bragg gratings. Or one or more films deposited or 
sandwiched between the side-polished areas of two fibers could be an electro-active 
polymer complete with embedded electrodes for connecting to external drive circuitry. 

[0059] FIG. 6 shows the batch manufacture 150 of a strip of 4-port fiber-opticfi be^eptie 

couplers 151 from two strips of 2-port half-couplers 152 and 153. The strips of 2-port 
half-couplers 152 and 153 can be batch manufactured by the method depicted and 
described above with reference to FIG. 4, including the steps illustrated and described with 
reference to FIG. 5. Note that the substrates for the two strips of half-couplers 152 and 153 
come from two rows or strips 154 and 155 batch-fabricated from a common wafer 156 that 
is diced into strips. The more detailed steps are those described above with reference to 
FIG. 2. 



